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(57) A permanent magnet rotor with a rotor core 
having permanent magnets embedded in slits. The con- 
necting means are at least partly provided at positions 
inwardly of the longitudinal ends of said slits and/or at 
least a part of said connecting means are inclined with 
respect to the direction of magnetization of said perma- 
nent magnets. Projections and/or recesses are formed 



on inside surfaces of slits, and said permanent magnets 
are formed such that bond magnet is filled in the slits 
and solidified for connecting said bond magnet with the 
rotor core. A method of making a permanent magnet ro- 
tor with a rotor core having permanent magnets embed- 
ded in slits of the rotor core, wherein an angular position 
of the rotor core during treatment thereof is fixed by us- 
ing openings of longitudinal ends of the slits. 
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Description 

[0001] The present invention relates to a permanent 
magnet rotor with a rotor core having permanent mag- 
nets embedded in slits and a method of making a per- 5 
manent magnet rotor with a rotor core having permanent 
magnets embedded therein. 

[0002] A conventional embedded magnet type per- 
manent magnet rotor has been disclosed, for example, 
in Laid Open Japanese Patent Application Hei 10 
11-262205 or Hei 11-206075, in which the permanent 
magnet rotor, as shown in Fig. 7 with respect to the 
shape of one pole in end view, has a rotor core 1 formed 
with a plurality of slits 2A, 2B, 2C in multiple layers. Each 
of the slits 2A-2C has an end face in the shape of an arc 15 
configured such that its longitudinal ends are located in 
the vicinity of the outside circumferential surface of the 
rotor core 1 and its longitudinal middle portion is located 
radially inwardly of the end portions, and extends to the 
opposite end of the rotor core 1 in the axial direction 20 
(perpendicularto the plane of Fig. 7) with the same cross 
sectional shape as the shape of the end face. 
[0003] In order to form a permanent magnet rotor 1 0 
with a rotor core 1 having permanent magnets embed- 
ded, bond magnet (plastic magnet) may be filled in the 25 
slits 2A-2C (or filled in a magnetic field) and solidified 
(that is, formed by injection molding), or permanent 
magnets machined respectively in the shapes of theslrts 
2A-2C, may be fitted in the slits 2A-2C. 
[0004] In addition, in the permanent magnet rotor 1 0 30 
shown in Fig. 7, bridges 3 of a certain thickness are 
formed between the longitudinal ends of the slits 2A-2C 
and the outside circumferential surface of the core 1 so 
that the radially outer portions (portions on the outside 
circumferential surface side) and the radially inner por- 35 
tions (portions on the center axis side) of the rotor core 
1 with respect to the respective siits 2A-2C will not be 
perfectly separated by the slits 2A-2C. 
[0005] However, our earnest study has proved that in 
the foregoing conventional permanent magnet rotor 10, 40 
because of the bridges 3 being formed in the rotor core 
1 at the outside circumferential surface side ends of the 
slits 2A-2C, the leakage flux is generated through the 
bridges 3, which prevents effective use of the perma- 
nent magnets. Fig. 8 shows the magnetic flux generated 45 
in the permanent magnet rotor 10 and the stator pole 
teeth 20, in dash lines, illustrating the leakage flux SF 
being generated through the bridges 3. 
[0006] In addition, due to the effect of the leakageflux 
SF in the bridges 3, portions in which magnetic flux den- so 
sity is greater than that in the surrounding areas, are 
produced, as shown in Fig. 8 by symbol A, so that mag- 
netic resistance in the magnetic paths of the q-axis mag- 
netic flux Oq is increased, which constitutes a factor of 
lowered reluctance torque. 55 
[0007] Here, torque generated by the motor is written 
as: 
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T = Pn • *Pa • iq + Pn(Ld-Lq)id - iq (1 ), 

where, Ld, Lq are d- and q-axis inductances of the coil, 
id, iq are d- and q-axis components of the armature cur- 
rent, *Fa is the interlinking flux of the armature coil due 
to permanent magnets, and Pn is the number of the 
pairs of poles. 

[0008] The direction of the d-axis is a direction of a 
line connecting the center of the magnet poles and the 
center of the rotor, and the direction of the q-axis is a 
direction of a line passing between poles and through 
the center of the rotor, that is, a direction at 90 degrees 
in electrical angle with respect to the d-axis. 
[0009] The first term of the expression (1 ) represents 
a torque due to the permanent magnets, and the second 
term a reluctance torque. 

[0010] Figs. 9, 10 show the conventional permanent 
rotor 10 in end view, depicting the directions of the q- 
and d-axes. The dash lines in the figure show the direc- 
tions of the q-axis magnetic flux <J>q (=Lq-iq) generated 
by iq and the d-axis magnetic flux 3>d (-Ld-id) generated 
by id, respectively in Fig. 9 and Fig. 10. 
[0011] In the embedded magnet type permanent 
magnet rotor, permanent magnets magnetically equiv- 
alent to air gaps are disposed in the magnetic paths of 
the d-axis magnetic flux Od, so that the d-axis induct- 
ance Ld is small. On the contrary, the magnetic paths of 
the q-axis magnetic flux Oq pass through the rotor core 
1 , so that the q-axis inductance Lq is large (that is, the 
magnetic resistance is small). Therefore, Ld<Lq, and 
appropriate currents id, iq will generate the reluctance 
torque (Ld-Lq)id-iq. 

[0012] Portions with high magnetic flux density in the 
bridges 3 narrow the magnetic paths of <E>q and increase 
the magnetic resistance of the q-axis magnetic paths, 
which constitutes a factor of lowering the reluctance 
torque. 

[0013] Itisan objectiveof the present invention to pro- 
vide a permanent magnet rotor with a rotor core having 
permanent magnets embedded in slits and a method of 
making a permanent magnet rotor with a rotor core hav- 
ing permanent magnets embedded therein, being sim- 
ple and providing high performance. 
[001 4] According to a first aspect of the present inven- 
tion said objective is solved by a permanent magnet ro- 
tor with a rotor core having permanent magnets embed- 
ded in slits respectively provided between radially outer 
and inner portions of said rotor core, said slits have lon- 
gitudinal ends at a circumferential surface of said rotor 
core, and the radially outer and inner portions are con- 
nected with each other by connecting means, charac- 
terized in that said connecting means are at least partly 
provided at positions inwardly of the longitudinal ends 
of said slits. 

[0015] Accordingly, said permanent magnet rotor is 
capable of providing an effective utilization of embedded 
magnets and the reluctance torque, and a preferred 
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method of making the same. 

[0016] According to a second aspect of the present 
invention, said objective is solved by a permanent mag- 
net rotor with a rotor core having permanent magnets 
embedded in slits respectively provided between radi- 
ally outer and inner portions of said rotor core, the radi- 
ally outer and inner portions are connected with each 
other by connecting means, characterized in that at 
least a part of said connecting means are inclined with 
respect to the direction of magnetization of said perma- 
nent magnets. 

[0017] Accordingly, said permanent magnet rotor is 
capable of providing an effective utilization of embedded 
magnets and the reluctance torque, and a preferred 
method of making the same. 

[0018] According to a third aspect of the present in- 
vention, said objective is solved by a permanent magnet 
rotor with a rotor core having permanent magnets em- 
bedded in slits provided in said rotor core, characterized 
in that projections and/or recesses are formed on inside 
surfaces of said slits, and said permanent magnets are 
formed such that bond magnet is filled in said slits and 
solidified for connecting said bond magnet with the rotor 
core. 

[0019] Accordingly, said permanent magnet rotor is 
capable of providing an effective utilization of embedded 
magnets and the reluctance torque, and a preferred 
method of making the same. 

[0020] According to the method aspect of the present 
invention said objective is solved by a method of making 
a permanent magnet rotor with a rotor core having per- 
manent magnets embedded therein, especially a per- 
manent magnet rotor according to at least one of the 
claims 1 to 9, wherein said permanent magnets are em- 
bedded in slits of the rotor core, and an angular position 
of the rotor core during treatment thereof is fixed by us- 
ing openings of longitudinal ends of the slits being open 
to the outside in the circumferential surface of said rotor 
core. 

[0021] Such permanent magnet rotors are constitut- 
ing a rotary electric device (including both types of ro- 
tating rotor and rotating coil) such as a permanent mag- 
net electric motor and a permanent magnet generator. 
Such permanent magnet rotors and the method of mak- 
ing the same, and particularly an embedded magnet 
type permanent magnet rotor are capable of providing 
effective utilization of the reluctance torque and reduc- 
tion of the leakage flux caused by the magnetic flux of 
the permanent magnets passing through bridges in the 
rotor to form a loop instead of flowing into the stator. 
[0022] Preferred embodiments are laid down in the re- 
spective dependent claims. 

[0023] In the following, the present invention is ex- 
plained in greater detail with respect to several embod- 
iments thereof in conjunction with the accompanying 
drawings, wherein: 

Fig. 1 is a view showing the configuration of a 



first embodiment; 

Fig. 2 is a view showing the distribution of the 

magnetic flux, illustrating the effect of 
5 the first embodiment; 

Fig. 3 is a view of an example of an injection 

molding die for a permanent magnet ro- 
tor; 

10 

Fig. 4 is a front view of a permanent magnet 

rotor manufactured using the injection 
molding die of Fig. 3; 

Fig, 5 are views showing configurations of a 

second embodiment; 

Fig. 6 are views showing configurations of a 

third embodiment; 

20 

Fig. 7 is a view showing the configuration of a 

conventional permanent magnet rotor; 

Fig. 8 is a view showing the distribution of the 

25 magnetic flux in the conventional per- 

manent magnet rotor; 

Fig. 9 is an illustration of the q-axis magnetic 

flux; and 

30 

Fig. 10 is an illustration of the d-axis magnetic 

flux. 

[0024] Fig. 1 is a view of a first embodiment, showing 
35 the shape of a pole of a permanent magnet rotor 1 0 used 
for an inner rotor type permanent magnet motor or the 
like, in end view. 

[0025] That is, the permanent magnet rotor 1 0 has a 
rotor core 1 1 in the shape of a column made of numer- 
40 ousthin round blanked-out plates laminated, and the ro- 
tor core 11 is formed, at its center, with a shaft hole 11a 
in which unillustrated rotary shaft is adapted to be in- 
serted coaxial ly. 

[0026] The rotor core 1 1 is also formed with slits 1 2A, 
45 12B, 12Cof an arc con vexed toward the shaft hole 11a, 
penetrating the rotor core 11 between both end faces 
thereof. The slits 12A-12C are arranged in layers con- 
centrically s uch that the slit 1 2A on the radial ly outer side 
of the rotor core 11 is in the shape of an arc with a small 
so diameter, the slit 1 2C on the radially inner side is in the 
shape of and arc with a large diameter, and the interme- 
diate slit 12B is in the shape of an arc with a medium 
diameter. 

[0027] Both longitudinal ends of each of the slits 1 2A- 
55 12C in end view, are open to the outside in the outside 
circumferential surface of the rotor core 11 . Therefore, 
the radially outer portions and the radially inner portions 
of the rotor core 11 with respect to the respective slots 
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1 1 A-1 2C are separated from each other. In this embod- 
iment, narrow bridges 13A-13C for connecting the radi- 
ally outer portions and the radially inner portions of the 
rotor core, are left at the longitudinal middle portions, in 
end view, of the slits 1 2A- 12C when the plates for rotor 5 
core 1 1 are prepared by blanking. Specifically, the bridg- 
es 13A-13C are provided at the longitudinal middle por- 
tions of the slits 12A-12C, one for each slit, such that 
they extend axially at the respective same radial dis- 
tance from the center of the rotor core 11 , so that the 10 
bridges 13A-13C serve as a means of preventing sep- 
aration of the radially outer portions and the radially in- 
ner portions of the rotor core 11 with respect to the re- 
spective slits 1 2A-1 2C. That is, the radially outer portion 
11 A of the rotor core 11 with respect to the slit 12A is is 
connected to the radially inner portion thereof through 
the bridge 1 3A, the radially outer portion 11 B of the rotor 
core 1 1 with respect to the slit 12B is connected to the 
radially inner portion thereof through the bridge 13B, 
and the radially outer portion 11 C of the rotor core 11 20 
with respect to the slit 12C is connected to the radially 
inner portion thereof through the bridge 13C. 
[0028] In the slits 12A-12C are embedded permanent 
magnets PM magnetized in the direction of width of the 
slits 1 2A-1 2C in end view. The permanent magnets PM 25 
may be formed by bond magnet being filled in the slits 
12A-12C, solidified, and then magnetized. For a small 
and powerful permanent magnet PM, anisotropic bond 
magnet may be used to form permanent magnets PM 
by in-magnetic field injection molding. 30 
[0029] Fig. 2 is a view showing the magnetic flux gen- 
erated in the permanent magnet rotor 1 0 and the stator 
core plate teeth 20 assembled in an electric motor, in 
dash lines, corresponding to Fig. 8 in which the prior art 
has been described. 35 
[0030] That is, in the permanent magnet rotor 1 0 of 
this embodiment, the longitudinal ends of the slits 1 2A- 
12C are open to the outside in the outside circumferen- 
tial surface of the rotor core 1 1 and the bridges 1 3A-1 3C 
are provided at the longitudinal middle portions of the 40 
respective slits 12A-12C, so that the leakage flux is gen- 
erated from magnetic paths in either side of the bridge, 
as shown in Fig. 2 by symbol B, thereby reducing the 
region of high magnetic flux density narrowing the mag- 
netic paths of the magnetic flux Oq between slits, with 45 
the help of the leakage flux SF. As a result, increased 
magnetic resistance in the magnetic paths of the q-axis 
magnetic flux <£>q of the rotor core 11 is prevented and 
the reluctance torque can be utilized effectively. Such 
an advantage is useful particularly when the number of so 
slits is large (that is, multilayer). In addition, the region 
of high magnetic flux density is not formed in the vicinity 
of the outside circumferential surface of the permanent 
magnet rotor 10, so that the flow toward the stator 10 
due to the permanent magnets is not disturbed. Further, ss 
change in the distribution of the magnetic flux in the vi- 
cinity of the outside circumferential surface of the per- 
manent magnet rotor 1 0 is large due to the effect of the 



relative positioning of the stator and the rotor, so that 
the iron loss can be decreased if high magnetic flux den- 
sity spots are eliminated from this region, 
[0031] Furthermore, in this embodiment, the slits 12A- 
12C are formed with the bridges 13A-13C as described 
above, so that the leakage flux passing through the 
bridges can be decreased compared with a convention- 
al permanent magnet rotor 1 0 in which the bridges 3 are 
provided at both longitudinal ends of the slits as shown 
in Fig. 7, providing a more effective utilization of the per- 
manent magnets. 

[0032] While in this embodiment, the slits 12A-12C 
are formed with the bridges 13A-13C one for each slit, 
a plurality of bridges may be provided in each slot, in 
which case the bridge width is determined such that the 
sum of the widths of the bridges is equivalent of the width 
of the single bridge. The plurality of bridges allow the 
leakage flux to be dispersed, thereby effecting a further 
reduction in the incremental longitudinal magnetic re- 
sistance of the rotor core 11 . 

[0033] Moreover, in this embodiment, the bridges 
13A-13C are provided in the slits 12A-12C at the longi- 
tudinal middle portions, so that the left and right side 
masses of the radially outer portions 11A-11C are bal- 
anced with respect to the bridges 13-13C as centers, 
respectively. Therefore, if the centrifugal force generat- 
ed during rotation of the permanent magnet rotor 10 is 
exerted on the radially outer portions 11A-11C, no mo- 
ment large enough to bend the bridges 13A-13C is pro- 
duced (if produced, it may be very small), so that the 
arrangement of this embodiment in which bridges 13A- 
13C are provided in the slits 12A-12C one for each slit, 
cannot increase the possibility of damaging the rotor 
core 11 significantly. 

[0034] Fig. 3 is a plan view of a portion of an injection 
molding die 30 for use in a process for manufacturing 
the permanent magnet rotor 1 0 as shown in this embod- 
iment. This injection molding die 30 is a cylindrical die 
for use in a process for forming the anisotropic bond 
magnet within the slits 12A-12C of the rotor core 11 by 
in-magnetic field injection molding, and has, at its cent- 
er, a support shaft 31 adapted to be inserted into the 
shaft hole 1 1 a of the rotor core 1 1 , and a sleeve 32 sur- 
rounding the support shaft 31 coaxially. The outside cir- 
cumferential surface of the sleeve 32 is surrounded by 
permanent magnets 34 and yokes 35 forforming the ori- 
entating magnetic field, which are alternately disposed 
circumferentially at regular intervals. The sleeve 32 has, 
on the inside circumferential surface, a plurality of pro- 
jects ns 33 adapted to be fitted slightly in the longitudinal 
ends of the slits 12A-12C of the rotor core 11. The pro- 
jections 33 are actually long ridges running axially (in 
the direction perpendicular to the plane of Fig. 3) to be 
suited to the shape of the slits 12A-12C, and their loca- 
tions are determined as appropriate, depending on the 
positional relation between the longitudinal ends of the 
slits 12A-12C, and the arrangement of the permanent 
magnets 32 for orientation. 
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[0035] When the bond magnet is poured into the rotor 
core 11 using the injection molding die 30, the support 
shaft 31 is inserted into the shaft hole 11a of the rotor 
core 11, with the longitudinal ends of the slits 12A-12C 
along the projections 33, to push the whole rotor core 5 
11 into the injection molding die 30. That is, if only the 
longitudinal ends of the slits 12A-12C are aligned with 
the projections 33, the angular position of the rotor core 
11 can be set in the injection molding die 30. 
[0036] in addition, the rotor core tends to be rotated 10 
by the reluctance torque due to the orientating magnetic 
field while being inserted into the injection molding die 
30, but the projections 33 are fitted slightly in the longi- 
tudinal ends of the slits 12A-12C, which prevents the 
rotor core 1 1 from being rotated by the reluctance torque 15 
in the injection molding die 30. 

[0037] Further, if the projections 33 are fitted slightly 
in the longitudinal ends of the slits 12A-12C, the ar- 
rangement of this embodiment in which bridges 1 3A- 
13C are provided in the slits 12A-12C one for each slits, 20 
will prevent the bridges 13A-1 3C from being bent by in- 
jection pressure during injection molding with displace- 
ment of the radially outer portions 11 A-11C. 
[0038] Because of the projections 33 being provided 
on the inside circumferential surface of the sleeve 32 of 25 
the injection molding die 30, in the permanent magnet 
rotor 10 manufactured using this injection molding die, 
as shown in Fig. 4, regions are formed at the longitudinal 
ends of the slits 12A-1 2C in which the permanent mag- 
nets are cut off by the amount corresponding to the so 
height of the projections, but if the height of the projec- 
tions 33 is very small, that doesn't raise a problem to the 
performance of the permanent magnets rotor 10. 
[0039] Figs. 5(a)-(d) are views showing a second em- 
bodiment. In the figure, like parts and regions as in the 35 
first embodiment are designated by like symbols, and 
repeated description is omitted. 

[0040] That is, in the embodiment shown in Fig. 5(a), 
bridges 3 are formed at the longitudinal ends of the slits 
1 2A, 12B and no bridges are formed in the middle por- 40 
tions thereof. That is, regarding the location of the bridg- 
es 3, the arrangement of this embodiment is the same 
as that of the permanent magnet rotor 1 0 shown in Fig. 
7. Also, in the embodiment of Fig. 5(c), a plurality of pro- 
jections 14 are provided on the inside surfaces of the 45 
slits 12A, 12B. The projections 14 are long ridges run- 
ning axially of the rotor core 11 (in the direction perpen- 
dicular to the plane of Fig. 5), and disposed on the inside 
surfaces of the slits 12A, 12B at appropriate intervals. 
In addition, each projection 1 4 has an inverted trapezoi- so 
dal cross-section whose width increases gradually to- 
ward the top. As a result, when the bond magnet is in- 
jection molded, projections 14 bite into the permanent 
magnets, so that the inside surfaces of the slits 12A, 
1 2B and the permanent magnets PM embedded therein 55 
are connected firmly. 

[0041 ] Therefore, the radially outer portions 1 1 A and 
the radially inner portion of the rotor core 11 with respect 
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to the slit 12A are connected firmly not only by bridge 3 
but also through the permanent magnet PM in the slits 
12A, and the radially outer portions 11 Band the radially 
inner portion of the rotor core 11 with respect to the slit 
12B are connected firmly not only by bridge 3 but also 
through the permanent magnet PM in the slits 12B. 
Thus, the rotor core 11 becomes sturdier and will with- 
stand the large radial force due to the centrifugal force 
during high speed rotation. In other words, sturdy con- 
struction of the rotor core due to provision of the projec- 
tions 1 4 allows the corresponding thinner bridges 3, 
which decreases the leakage flux, providing effective 
utilization of the permanent magnets PM. 
[0042] The arrangement of the embodiment shown in 
Fig. 5(b) is approximately the same as that of the em- 
bodiment of Fig. 5(a), except that recesses 15 are pro- 
vided in place of the projections 14. The recesses 15 
are long grooves running axially of the rotor core 1 1 (in 
the direction perpendicular to the plane of Fig. 5), and 
disposed in the inside surfaces of the slits 12A, 12B at 
appropriate intervals. In addition, each recess 15 has a 
trapezoidal cross-section whose width is larger toward 
the bottom. As a result, when the bond magnet is injec- 
tion molded, it flows into the recesses 15, so that the 
inside surfaces of the slits 12A, 12B and the permanent 
magnets PM embedded therein are connected firmly. 
Thus, the same effect as in the embodiment of Fig. 5(a) 
can be achieved. 

[0043] The arrangement of the embodiment of Fig. 5 

(c) is similar to that of Fig. 5(a), except that the number 
of the projections 14 is increased and the bridges 3 are 
eliminated. That is, the increased number of the projec- 
tions 14 strengthens the connection of the permanent 
magnets PM to the inside surfaces of the slits 1 2A, 12B, 
which eliminates the bridges 3. In such an arrangement, 
no or little leakage flux is produced, thereby providing a 
more effective utilization of the permanent magnets PM. 
[0044] The arrangement of the embodiment of Fig. 5 

(d) is approximately the same as that of Fig. 5(c), except 
that bridges 13A, 13B are provided in the slits 12A, 12B 
at the longitudinal middle portions. In such an arrange- 
ment, the reluctance torque can be utilized effectively, 
while the resistance to the radial forces can be improved 
further. 

[0045] The embodiments shown of Figs. 5(c-d) are 
showing either recesses or projections. According to fur- 
ther embodiments (which are not illustrated) recesses 
and projections are combined within the same embodi- 
ment. With regard thereto such embodiments one slit is 
provided with recesses and the other slit is provided with 
projections. Alternatively, each slit can be provided with 
recesses and projections. 

[0046] Figs. 6(a)-(d) are views showing a third em- 
bodiment. In the figure, like parts and regions as in the 
first embodiment are designated by like symbols, and 
repeated description is omitted. 
[0047] That is, also in this third embodiment, the per- 
manent magnet rotor 1 0 has approximately the same 
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configuration as that of the first embodiment, exceptthat 
bridges 13A-13C are inclined with respect to the direc- 
tion of magnetization of the permanent magnets. 
[0048] That is, in the embodiment of Fig. 6(a), the 
bridges 13A-13C have a shape extending obliquely to 
the direction of thickness of the permanent magnets PM. 
Specifically, in the example of Fig. 6(a), the direction of 
inclination is the same for all bridges. According to a fur- 
ther embodiment (which is not illustrated) the direction 
of inclination is opposite to the direction shown on Fig. 
6(a). According to still a further embodiment (which is 
not illustrated) the direction of inclination is different be- 
tween the central bridge 13B and the bridges 13A, 13C 
on either side thereof. 

[0049] In the example of Fig. 6(b), the bridges ISA- 
ISC are in the shape of a crank and in the example of 
Fig. 6(c), the bridges 1 3A-1 3C are in the shape of a letter 
"C" or "<". Specifically, in the example of Fig. 6(c), the 
direction of the letter "C" or"<" is inversed between the 
central bridge 13B and the bridges 13A, 13C on either 
side thereof. However, according to further embodi- 
ments (which are not illustrated) the orientation of the 
bridges are opposite to the same as shown in the fig- 
ures, respectively. According to further embodiments 
(which are not illustrated) the orientation of the central 
bridge may be different or the same with regard to the 
bridges on either side thereof. 

[0050] In the embodiments of Figs. 6 (a-c) three bridg- 
es are shown respectively. According to further embod- 
iments (which are not illustrated) the number of bridges 
is different, especially more than three and the inclina- 
tion or orientation of all of the bridges is the same or 
differs for at least one of the bridges with regard to the 
other bridges. 

[0051] In such an arrangement, the bridges 13A-13B 
have sections inclined with respect to the direction of 
magnetization, and accordingly large lengths, so that 
the magnetic resistance is increased without need of de- 
creasing the strength of the bridges 1 3A-1 3C, which de- 
creases the leakage flux, providing an effective utiliza- 
tion of the permanent magnets PM. 
[0052] While in the foregoing embodiment, the slits 
1 2A-1 2B have the shape of an arc convexed toward the 
shaft hole 11a, in further embodiments (which are not 
illustrated), the end shape may be, for example, of a rec- 
tangle. 

[0053] According to further embodiments (which are 
not illustrated) the recesses and projections described 
with regard to Figs. 5(a-d) are combined with the bridges 
described with regard to Figs. 6(a-c). 
[0054] The embodiments described above are teach- 
ing a rotor core 1 is formed with slits 12A, 12B, 12C,and 
the longitudinal ends, in end view, of the slits 12A-12C 
are open to the outside in the outside circumferential 
surface of the rotor core. In the slits 1 2A-1 2C at the lon- 
gitudinal middle portions, in end view, are formed narrow 
bridges 13A-13C connecting the radially outer portions 
and the radially inner portions of the rotor core. In the 



slits 12A-12C are embedded permanent magnets PM 
magnetized in the direction of thickness, in end view, of 
the slits 12A-12C. Thus, the reluctance torque in an em- 
bedded magnet type permanent magnet rotor can be 
5 effectively utilized to decrease the leakage flux. 

[0055] Embodiments described above are teaching a 
permanent magnet rotor with a rotor core having per- 
manent magnets embedded therein, wherein the longi- 
tudinal ends of slits in which said permanent magnets 
10 are embedded, are open to the outside in the circumfer- 
ential surface of said rotor core, and bridges connecting 
the radially outer portions and the radially inner portions 
of said rotor core with respect to said respective slits, 
are provided at positions inwardly of the longitudinal 

15 ends of said sifts toward the longitudinal middle portions, 
[0056] The bridges are formed, not at the longitudinal 
ends of the slits, but at positions inwardly of the longitu- 
dinal ends toward the middle portions of the slits. There- 
fore, the leakage flux is produced from either end of the 

20 bridges, so that the region of high magnetic density nar- 
rowing the magnetic paths between slits, is decreased 
with the help of the leakage flux. As a result, increased 
magnetic resistance in the magnetic paths of the q-axis 
magnetic flux <J>q is prevented and the reluctance torque 

25 can be utilized effectively. As described above, bridges 
are formed at positions inwardly of the longitudinal ends 
of the slits toward the longitudinal middle portions, so 
that regions of high magnetic flux density due to the 
leakage flux can be decreased, an increase in the mag- 
so netic resistance in the magnetic paths of the q-axis mag- 
netic flux <I>q in the rotor core is prevented and the re- 
luctance torque can be utilized effectively. 
[0057] According to embodiments, said permanent 
magnets are formed such that bond magnet is filled in 

35 said slits and solidified. Thus, bond magnet is used to 
form the permanent magnets by injection molding, so 
that the permanent magnets can be embedded in the 
rotor core even when the shape of the slits is rather com- 
plicated. The injection molding using bond magnet may 

40 be an ordinary one in which the bond magnet is filled in 
the slits and solidified, or if the bond magnet is aniso- 
tropic, may be an in-magnetic field injection molding in 
which the bond magnet is filled in the slits and solidified 
in a magnetic field. 

45 [0058] On the inside surfaces of said slits are formed 
projections or recesses adapted to be connected to said 
bond magnet when it is solidified. The projections or re- 
cesses are provided on the inside surfaces of the slits 
to strengthen the connection of the solidified bond mag- 

so nets to the inside surfaces of the slits. Therefore, con- 
nection between the radially outer portions and the ra- 
dially inner portions of the rotor core with respect to the 
respective slits is strengthened through the solidified 
bond magnets, thereby providing a sturdier rotor core. 

55 [0059] According to embodiments, said bridges are 
inclined with respect to the direction of magnetization of 
said permanent magnets, so that the magnetic resist- 
ance in the bridges is increased without need of reduc- 
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ing the strength of the bridges, which decreases the 
leakage flux, improving availability of the magnets. 
[0060] According to embodiments the permanent 
magnet rotor comprises a rotor core having permanent 
magnets embedded therein, wherein said permanent 
magnets are formed such that bond magnet is filled in 
said slits and solidified, and on the inside surfaces of 
said slits are formed projections or recesses adapted to 
be connected to said bond magnet when it is solidified. 
The connection between the radially outer portions and 
the radially inner portions of the rotor core with respect 
to the respective slits, is strengthened through the bond 
magnet, thereby providing a sturdier rotor core. 
[0061] According to embodiments, the permanent 
magnet rotor comprises a rotor core having permanent 
magnets embedded therein, wherein bridges connect- 
ing the radially outer portions and the radially inner por- 
tions of said rotor core with respect to said respective 
slits in which said permanent magnets are embedded, 
are inclined with respect to the direction of magnetiza- 
tion of said permanent magnets. The magnetic resist- 
ance in the bridges is increased without need of reduc- 
ing the strength of the bridges, which decreases the 
leakage flux, improving availability of the magnets. 
[0062] The projections or recesses are provided on 
the inside surfaces of the slits to strengthen the connec- 
tion of the solidified bond magnets to the inside surfaces 
of the slits, so that connection between the radially outer 
portions and the radially inner portions of the rotor core 
with respect to the respective slits, are strengthened 
through solidified bond magnets, providing a sturdier ro- 
tor core capable of withstanding the large radial force 
due to the centrifugal force during high speed rotation. 
[0063] The bridges are inclined with respect to the di- 
rection of magnetization of the permanent magnets, so 
that the magnetic resistance in the bridges is increased 
without need of reducing the strength of the bridges, 
which decreases the leakage flux, improving availability 
of the magnets. 

[0064] Furthermore, the explanation of the embodi- 
ments also teaches a method of making a permanent 
magnet rotor with a rotor core having permanent mag- 
nets embedded therein, wherein the longitudinal ends 
of slits in which said permanent magnets are embedded, 
are open to the outside in the circumferential surface of 
said rotor core, and processes are provided in which 
treatment of said rotor core is performed with the rotor 
core set at a fixed angular position using said openings 
of said slits. Treatment of the rotor core is performed 
with the rotor core set at a fixed angular position using 
the openings of the slits in the circumferential surface of 
the rotor core, so that an additional device for setting 
the angular position of the rotor core is not needed. The 
treatment under the condition of the fixed angular posi- 
tion of the rotor core, includes, for example, filling of 
bond magnet into the slits, magnetization of the filled 
bond magnet, etc. The treatment of the rotor core is per- 
formed with the rotor core set at a fixed angular position 



using the openings of the slits in the circumferential sur- 
face of the rotor core, so that an additional device for 
setting the angular position of the rotor core is not need- 
ed. 

s [0065] The embodiments mentioned above are 
teaching a permanent magnet rotor with a rotorcore 11 
having permanent magnets PM embedded in slits 12A- 
12C respectively provided between radially outer and 
inner portions 11A-11C of said rotorcore 11. Said slits 
10 12A-12C have longitudinal ends at a circumferential sur- 
face of said rotor core 11 . The radially outer and inner 
portions 1 1 A-1 1 C are connected with each other by con- 
necting means 1 3A-1 3C, 1 4, 1 5. Said connecting means 
13A-13C,14,15 are at least partly provided at positions 

15 inwardly of the longitudinal ends of said slits 1 2A-1 2C. 
[0066] Said connecting means comprises bridges 
1 3A-1 3C connecting the radially outer portions and the 
radially inner portions of said rotor core 1 1 with respect 
to said respective slits 12A-12C. Said bridges 13A-13C 

20 are provided at positions inwardly of the longitudinal 
ends of said slits 12A-12C toward the longitudinal mid- 
dle portions. Preferably, said bridges 13A-13C are in- 
clined with respect to a direction of magnetization of said 
permanent magnets PM. 

25 [0067] The embodiments mentioned above are 
teaching a permanent magnet rotor with a rotorcore 11 
having permanent magnets PM embedded in slits 12A- 
12C respectively provided between radially outer and 
inner portions 11A-11Cof said rotor core 11. The radially 

so outer and inner portions 11A-11C are connected with 
each other by connecting means 13A-13C,14,15. At 
least a part of said connecting means 13A-13C are in- 
clined with respect to the direction of magnetization of 
said permanent magnets. Said connecting means com- 
as prises bridges 13A-13C connecting the radially outer 
and inner portions 11A-11 C of the rotorcore 11 . 
[0068] According to embodiments mentioned above, 
said permanent magnets are formed such that bond 
magnet is filled in said slits and solidified. Said connect- 

40 ing means comprises projections and/or recesses 1 4,1 5 
on the inside surfaces of said slits adapted to be con- 
nected to said bond magnet when it is solidified. 
[0069] The embodiments mentioned above are 
teaching a permanent magnet rotor with a rotor core 

45 having permanent magnets PM embedded in slits 12A- 
12C provided in said rotor core 11 , wherein projections 
and/or recesses 14,15 are formed on inside surfaces of 
said slits 12A-12C, and said permanent magnets PM 
are formed such that bond magnet is filled in said slits 

50 12A-1 2C and solidified for connecting said bond magnet 
with the rotor core 11 . 

[0070] According to preferred embodiments, the lon- 
gitudinal ends of slits 12A-12C in which said permanent 
magnets PM are embedded, are open to the outside in 
55 the circumferential surface of said rotor core 1 1 . 

[0071] The embodiments mentioned above are 
teaching a method of making a permanent magnet rotor 
with a rotorcore 11 having permanent magnets PM em- 
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bedded therein. Said permanent magnets PM are em- 
bedded in slits 12A-12C of the rotor core (11), and an 
angular position of the rotor core 11 during treatment 
thereof is fixed by using openings of longitudinal ends 
of the slits 1 2A-1 2C being open to the outside in the cir- 5 
cumferential surface of said rotor core 11 . Engagement 
means, especially projections 33, are engaging said 
openings of the slits 12A-12C for fixing the angular po- 
sition of the rotor core 11 during treatment thereof. 



Claims 

1. A permanent magnet rotor with a rotor core (11) 
having permanent magnets (PM) embedded in slits is 
(12A-12C) respectively provided between radially 
outer and inner portions (1 1 A-1 1 C) of said rotor core 
(11), said slits (12A-12C) have longitudinal ends at 

a circumferential surface of said rotor core (11), and 
the radially outer and inner portions (1 1 A-1 1 C) are so 
connected with each other by connecting means 
(13A-13C,14,15) characterized in that said con- 
necting means (13A-13C,14,15) are at least partly 
provided at positions inwardly of the longitudinal 
ends of said slits (12A-12C). 25 

2. A permanent magnet rotor according to claim 1 , 
characterized in that said connecting means com- 
prises bridges (13A-13C) connecting the radially 
outer portions and the radially inner portions of said 30 
rotor core (11) with respect to said respective slits 
(12A-12C), wherein said bridges (13A-13C) are 
provided at positions inwardly of the longitudinal 
ends of said slits (1 2A-1 2C) toward the longitudinal 
middle portions. 35 

3. A permanent magnet rotor according to claim 2, 
characterized in that said bridges (13A-13C) are 
inclined with respect to a direction of magnetization 

of said permanent magnets (PM). 40 

4. A permanent magnet rotor with a rotor core (11) 
having permanent magnets (PM) embedded in slits 
(12A-12C) respectively provided between radially 
outer and inner portions (11A-11C) of said rotor core 45 
(1 1 ), the radially outer and inner portions (1 1 A-1 1 C) 
are connected with each other by connecting 
means (13A-13C,14,15), characterized in that at 
least a part of said connecting means (1 3A-1 3C) 
are inclined with respect to the direction of magnet- so 
ization of said permanent magnets. 

5. A permanent magnet rotor according to claim 4, 
characterized in that said connecting means com- 
prises bridges (13A-13C) connecting the radially 55 
outer and inner portions (11A-11C) of the rotor core 
(11). 



6. A permanent magnet rotor according to at least one 
of the claims 1 to 5, characterized in that said per- 
manent magnets are formed such that bond magnet 
is filled in said slits and solidified. 

7. A permanent magnet rotor according to claim 6, 
characterized in that said connecting means com- 
prises projections and/or recesses (14,15) on the 
inside surfaces of said slits adapted to be connect- 
ed to said bond magnet when it is solidified. 

8. A permanent magnet rotor with a rotor core having 
permanent magnets (PM) embedded in slits (12A- 
1 2C) provided in said rotor core (1 1 ), characterized 
in that projections and/or recesses (14,15) are 
formed on inside surfaces of said slits (12A-12C), 
and said permanent magnets (PM) are formed such 
that bond magnet is filled in said slits (12A-12C) and 
solidified for connecting said bond magnet with the 
rotor core (11). 

9. A permanent magnet rotor according to at least one 
of the claims 1 to 8, characterized in that the lon- 
gitudinal ends of slits (12A-12C) in which said per- 
manent magnets (PM) are embedded, are open to 
the outside in the circumferential surface of said ro- 
tor core (11). 

1 0. A method of making a permanent magnet rotor with 
a rotor core (11) having permanent magnets (PM) 
embedded therein, especially a permanent magnet 
rotor according to at least one of the claims 1 to 9, 
wherein said permanent magnets (PM) are embed- 
ded in slits (1 2A-1 2C) of the rotor core (1 1 ), and an 
angular position of the rotor core (11) during treat- 
ment thereof is fixed by using openings of longitu- 
dinal ends of the slits (12A-12C) being open to the 
outside in the circumferential surface of said rotor 
core (11). 

1 1 . A method of making a permanent magnet rotor ac- 
cording to claim 10, characterized in that engage- 
ment means, especially projections (33), are en- 
gaging said openings of the slits (12A-12C) for fix- 
ing the angular position of the rotor core (11) during 
treatment thereof. 
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